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THE measurements reported in the present paper were obtained by 
the so-called static method wherein a mass of fluid in a two-phase 
condition is confined at constant temperature and the pressure ob- 
served. Measurements by the dynamic method, where the fluid is 
moving continuously, have recently been published by A. Egerton and 
G. S. Callendar? who carried out measurements from 170° C to 374° C. 
Quite recently also our colleagues in the steam research program 
sponsored by the American Society of Mechanical Engineers, have 
published the results of vapor pressure measurements obtained by the 
static method at the United States Bureau of Standards.’ There are 
therefore available the results of three new and independent investi- 
gations of water vapor pressures, one by the dynamic or continuous 
flow method and two by the static method. The vapor pressure 
values by both methods should be identical up to the point where, in 
the dynamic method, the flow becomes sufficiently rapid to influence 
or interfere with the rate of attainment of equilibrium of the molecules 
of vapor and liquid at constant temperature. ‘The comparisons to be 
effected in a later section show that the final results of all three in- 
vestigations are in remarkably good accord. 

The results of the measurements at the Research Laboratory of 
Physical Chemistry have been presented at the Autumn meetings of 
the steam research group during the time of the regular A. S. M. E. 
meetings and published usually in the February issue of Mechanical 
Engineering.* The first report of vapor pressure values was in Decem- 


‘ The present paper is the second of a series of papers reporting the results 
of the Massachusetts Institute of Technology program of steam research 
promoted by the American Society of Mechanical Engineers through the 
material support of the steam power industries. 

2 A. Egerton and G. 8. Callendar, Phil. Trans. Roy. Soe. London 23/1, 147 
(1932). 

3 N.S. Osborne, H. F. Stimson, E. F. Fioch and D. C. Ginnings, Bur. Stan. 
Jour. of Research, /0, 155 (1933). 

4 Mech. Eng. 48, 153 (1926). 
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ber 1925 and in the intervening time measurements of the pressure, 
volume and temperature for the two phase states, the homogeneous 
liquid and homogeneous gaseous state, have been presented regularly 
at the annual meetings. During the whole course of the investigation 
improvements in apparatus and technique developed, but an item of 

the greatest importance was the choice of container material. This 
has already been discussed in the preceding paper, Part I of the series, 
but a brief reference to the container is desirable in the present paper 
if only to emphasize the wholly satisfactory behavior of the 18 percent 
chromium, 8 percent nickel steel (trade name Nirosta) used at M. I. T. 
in the last years of the steam investigation. A similar alloy containing 
4.5 tungsten has been found equally satisfactory by Nathan S. Osborne 
and his coworkers at the U. S. Bureau of Standards. 

The measurements of vapor pressure made up to March 1930 were 
critically examined and smoothed by adjusting consecutive differences 
of the logarithms of the pressures and a table was prepared for each 
degree centigrade.’ A table of derivatives was also prepared by a very 
convenient method of computation due to Rutledge.® The M. I. T. 
values of pressure were in fair agreement with the values of the Reichs- 
anstalt’ corrected to the international platinum resistance tempera- 
ture scale* to 300° C. Above the latter temperature the Reichsanstalt 
values appeared increasingly low by comparison and at 370° C. the 
difference amounted to 1 in 750. 

During 1930 containers of the Chrome-nickel steel had become 
available and measurements of the volumes of superheated steam 
were in progress. It was not, however, until 1932 that a systematic 
series of new measurements on vapor pressures was carried out using 
the new steel for the container and an apparatus especially designed 
for the work. The new data proved to be more consistent than the 
earlier results and, moreover, in good agreement with those of our 
colleagues at the Bureau of Standards. The agreement with the data 
of Egerton and Callendar is also excellent. | 

THE TEMPERATURE MEASUREMENTS. | 

The older series of measurements were made with a platinum 

electrical resistance thermometer’ constructed in 1920 of inferior wire. 


5 F. G. Keyes and L. B. Smith, Mech. Eng. 53, 132 (1931). 
6G. Rutledge, Jour. Math. and Phys. M. I. T. 8, 1 (1929). Phys. Rev., 40 
262 (1932). 
‘Int. Crit. Tables III, p. 233. 
—&G. K. Burgess, Bur. Stand. Jour. of Res. 1, 635 (1928). 
/ *See Part I, p. 523. 
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It was not until the end of 1923 that wire having a temperature co- 
efficient of 0.00392 or greater became available. Thus the early 
measurements were made with an unsatisfactory resistance ther- 
mometer whose indications were, however, finally determined in re- 
lation to a thermometer constructed of satisfactory platinum. Un- 
fortunately the comparisons could not be made of the identical ther- 
mometer used in the vapor pressure measurements but with one of 
the same construction and wire. The temperatures in the vapor 
pressure measurements herein recorded, and in fact all the steam work, 
are those indicated directly or indirectly through suitable comparisons 
by a potential terminal type platinum resistance thermometer,!° No. 
4BS, having a temperature coefficient of 0.00392228 and 6 constant 
1.4965. In the last series of measurements made in 1932 using Nirosta 
steel and subsequent to 1926, the measurements of temperature were 
all directly indicated by thermometer No. 4BS. 

The calibration of the resistance thermometers was carried out by 
using the ice and normal boiling temperature of water and the normal 
sulphur boiling temperature assumed to be 444.6. The latter fixed 
points reproduce the international temperature scale when platinum 
of the requisite purity is used. The ice point resistance was observed 
many times during the course of all the steam work and varied by a 
few units of 10~* ohms in the course of six years. The type of steam 
point apparatus employed embodies all the features required to give 
reproducible and exact results when operated against the atmospheric 
pressure. Readings in the course of several years were consistent to 
+ 0.0013° and show a maximum deviation of 0.002°. The sulphur 
point apparatus is of glass electrically heated with elaborate radiation 
shielding for the thermometer. ‘The readings were consistent to + 
0.009° with a maximum deviation of 0.013°.* 

Taking into consideration the consistency of the calibration data 
of the thermometers used in the vapor pressure measurements com- 
bined with general laboratory experience with dozens of platinum 
resistance thermometers constructed in this laboratory during the past 
twenty years we believe that the international scale of temperature as 


0 See Table 3, Part I. 
* Further improvement in reproducibility of the boiling point temperature 
of sulphur has been secured by J. A. Beattie and J. M. Gaines using an ‘‘arti- 
ficial’”’ or controlled atmosphere adjusted closely to 760 mm. pressure. By 
this means the sulphur boiling temperature can be reproduced to + 0.003 
when nitrogen is used instead of air in the artificial atmosphere apparatus. 
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realized should not deviate by more than + 0.01° C. from the indica- 
tions of similar thermometers constructed in other laboratories. It 
is scarcely necessary to state that a thermostated and periodically 
calibrated bridge was used for all resistance measurements. 


THE PRESSURE GAUGE. 


The particular form of gauge used and the mode of detecting 
pressure equilibrium has been described in Part I. The sensitiveness 
of the device is very great and the indication is that the pressure 
reproducibility during calibration is about one in twenty thousand." 
Thus at 300° the pressure is 84.78 International atmospheres, which 
on the basis of the latter precision should be determinable to 0.0042 
atmospheres. The rate of change of pressure with temperature at 
300° is, however, 1.194 atm. per degree and 0.0042 atm. therefore 
corresponds to, or would require, a‘reproducibility of at least 0.0035° 
in the temperature scale. The latter number, however, is less than 
the reproducibility of the temperature scale since the sulphur boiling 
point determinations may actually deviate by as much as 0.013 de- 
grees. Taking 0.01° as the temperature scale reproducibility it ap- 
pears that one in seven thousand should be approximately the agree- 
ment between independent observers at 300° and this proves to be, 
roughly, the order of agreement attained at this temperature by the 
recent independent investigators. As the reproducibility of the tem- 
perature scale is improved the possibility of greater accord seems in 
prospect. 

The gauge No. 52 whose constant was about 0.5 mm. per gram 
(actually 0.49681 mm. per gram, July, 1932) was used during 1932 
in the measurements at the lower pressures and it was sensitive to a 
fraction of a gram. Gauge No. 28 whose constant was 1.99770 mm. 
per gram in June, 1931, was used for all pressures in excess of 20 atm. 
Gauge No. 1T having a constant 1.014438 in July, 1923, was likewise 
used in measurements up to March 1931. 

All weights applied to the piston gauge during calibration or for 
pressure measurements were compared with standard weights certified 
by the U. S. Bureau of Standards. The resulting corrections to the 
weights were computed to give the correct relation to the interna- 
tional kilogram when used in air at 76 em. and 25° C. The variation 
of the air density from that corresponding to the latter pressure and 
temperature was neglected since in Cambridge the extremes of pres- 


uk. G. Keyes and Jane Dewey, Jour. Opt. Soe. Am. 14, 491 (1927). 
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sure are rarely greater than + 1 cm. from 76cm. The weight of the 
piston and all necessary parts, scale pan, etc., contributing to the 
force exerted on the piston were also similarly determined in terms of 
the international kilogram. In reducing the pressure observations it 
was of course necessary to know the relation of the value of gravity 
at the place where the gauge was used to the standard value of gravity 
980.665 em./sec.2. The value of gravity at this laboratory is 980.397 
and depends on observations made at the Harvard Observatory 
nearby. The known thermal dilation of steel suffices to compute the 
temperature correction of the gauge when the temperature of the 
latter differs from 30° C, the temperature at which all piston gauge 
constants is referred. 

The piston-cylinder of the R. L. P. C. type of pressure gauge is of 
hardened steel and exhibits a slow diminution of the effective area 
with time. Numerical data for the effect is contained in Table IV, 
Part I, and data for a number of gauges has been published elsewhere.” 
The actual change of the constant with time was largest for the case- 
hardened No. 1T piston, and during about eight years the change per 
year of the constant diminished from 0.0182 percent to 0.0165 percent. 
The constant of the uniformly hardened piston and cylinder of No. 28 
gauge increased by 0.0122 percent per year during about four years 
while the constant of No. 52 gauge having the largest effective diameter 
(1.37 em.) increased at a umiform rate of 0.0091 percent per year over 
about five years. The increase in the gauge constant with time has 
been found by Dr. Beattie and his collaborators to have essentially the 
same value for gauges in continuous use and for gauges used only as 
standards, consequently the “wear” of the piston-cylinder has no 
connection with the ageing effect. The time rate of change of the 
constant was of course given consideration in the reduction of all 
pressure readings. 

It is apropos to refer to the convenience of the carbon dioxide vapor 
pressure at the ice point,'® 34.4009 + 0.0013 International atmos- 
pheres, as a pressure calibration standard. The latter value found by 
Bridgeman has recently been confirmed by the measurements of C. 
H. Meyers and M. S. Van Dusen™ who give 34.3974 International 
atmospheres for the vapor pressure of carbon dioxide at zero degrees. 


2 J. A. Beattie and O. C. Bridgeman, Ann. d. Phys. (5) 12, 827 (1932). 

8 QO. C. Bridgeman, J. Am. Chem. Soc., 49, 1174 (1927). 

'4C. H. Meyers and M.S. Van Dusen, U.S. Bur. of Stand. Jour, of Res. 10, 
391 (1983). 
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Carbon dioxide is easy to prepare in a state of purity, and the ice 
point, without excessive precautions, can be reproduced to 0.002° C 
corresponding to about one in twenty thousand in the pressure. 
Once the apparatus for pressure calibrations is available the deter- 
mination of a gauge constant can be carried out in a small fraction of 
the time required where a mercury column is used. 


CONSTANT TEMPERATURE BATH. 


The temperature bath at the beginning of the steam work in 1922 
was not capable of being automatically regulated to constancy of 
temperature better than + 0.01°. By 1926, however, the regulation 
had been improved to + 0.002°, and further refinement was not 
sought. The lithium, sodium, potassium nitrates mixture was un- 
suitable for measurements lower than 140° C and no measurements 
made below 150° C are recorded: The bath was used to 460° C and 
was entirely satisfactory in its operation at this temperature. 

It was comparatively easy to adjust the energy applied at a value 
whereby temperature regulation would automatically be maintained 
at round temperatures. Thus all observations of vapor pressures and 
other properties were made for the most part at even ten degree 
intervals beginning with 150° C as indicated by thermometer No. 1 
or No. 4 BS. The uniformity of the temperature of the bath is at- 
tested to by the constancy of temperature finally attained in 1926, 
namely + 0.002° C. Exploration of the bath with respect to the 
temperature of different portions also indicated that extreme varia- 
tions were not sensibly greater than 0.002°. The thermometer during 
measurements was of course actually placed near the water container. 


EXPERIMENTAL PROCEDURE. 


The method of preparing air free water and introducing the latter 
into the containers has already been described in Part I. It is now 
believed that possibly some gas evolution may have resulted by the 
interaction of water and nickel at the higher temperatures. The de- 
sign of the apparatus permitted a variation of the relative volumes 
of vapor and liquid up to the point of complete collapse of the vapor 
phase, and in the course of the measurements of vapor pressure 
successive readings were taken with diminishing vapor volumes. No 
significant rise in vapor pressures was observed, but the procedure 
may not be sufficiently sensitive as a test for permanent gas when a 
large quantity of liquid water is present. 
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The design of apparatus, Fig. 18, Part I, used with the Nirosta 
container, No. 3 B, in 1932 permitted the convenient expulsion by 
evaporation of part of the water sample between measurements as 
well as the collapsing of the vapor phase. As a result of our experience 
we believe that no permanent gas is generated at temperatures as 
high as 460° C when the 18 percent-8 percent chrome-nickel alloy 
steel is used for the containers. 

The determination of the oil, mercury and water levels is of great 
importance in reducing the observations. ‘The determination of the 
levels differed in detail, however, according to the apparatus used. 
The early measurements wherein the No. 1 container of nickel was 
used involved a variable mercury column dependent on the setting or 
position of the piston of the volumnometer. (See Fig. 9, Part I.) 
This is likewise the case when the spherical container No. 2 or No. 2 B 
is used but in the latter case the levels of the mercury actually in the 
spherical portion of the container was computed from the setting of 
the volumnometer which measured the amount of mercury injected 
into the container. The vertical height of mercury in the sphere 
designated by z is thus determined for a given volume, V’, of mercury 
injected, by the formula V = 1/3 = 2? (8r — x) where r is the radius 
of the sphere. The uniform bore of the riser G was determined and 
the volumes of the connecting portions at the end of G were likewise 
ascertained. It was therefore possible to determine the level of mer- 
cury in G relative to the insulated needle tip at H from the reading 
of the volumnometer J. 

From Fig. 9 it is clear that water levels and oil levels must also be 
determined. The pressure effect of the oil column is substantially 
constant since the position of the piston of the gauge when in use was 
maintained at a fixed point and the density variation of the oil with 
pressure is small. The part of the water column in the container 
where water is the confining fluid varies greatly in density and must 
be computed from a knowledge of the total mass of water in the sys- 
tem, the internal diameter of the container, and the densities of the 
vapor and liquid phases of water. With these data it is possible to 
compute the container water level at any temperature and pressure 
from the reading of the volumnometer. The capillary connecting tube 
contains water at the temperature of the bath, at the graded tempera- 
ture between the level of the bath fluid and the bath cover at the 
temperature of the surrounding air and at 30°. Besides this attention 
must be given to the column of water in the riser G, Fig. 9. The data 


a4 


144 SMITH, KEYES AND GERRY 


required for computing the pressure effects of all parts of the water 
column was either known or determined during the course of preparing 
the apparatus for a series of measurements. The pressure effect of the 
column of vapor in the container was also computed in deducing the 
pressure at the surface of separation of the liquid phase and the vapor 
phase. 

In the case of the apparatus, Fig. 18 Part I, the level of mercury in 
the riser G contributed nothing to the pressure within container EF. 
The volumnometer did, however, enable the water level within con- 
tainer £, of known internal diameter, to be determined with precision 
even though the exact mass of water within / was unknown. Thus 
the distance between the inside top of / and the needle point F con- 
tacting with mercury in L being known, water may be forced from G 
into k by means of the volumnometer J. This is continued until, 
from the rise in pressure, / is known to be completely filled with 
water. On withdrawing the piston of the volumnometer the exact 
volume of water vapor space within may be computed using the 
known values for the density of water. Since the internal diameter 
of / is known the distance between the water level and the top of E 
may be computed. 

The difference in mercury levels in L was a small fraction of a 
millimeter and very easily determined. The oil level between J and 
the bottom of the gauge piston was likewise easily determined and 
from its known density as a function of pressure and temperature it 
was possible to compute the oil line pressure contribution. 

RESULTS OF THE MEASUREMENTS. 

All of the results of our efforts to measure the saturation pressure 
of water are tabulated in Tables 1, 2 and 3, classified as series 1, series 
2 and series 3. In the first columns of the tables there will be found 
the date of the observations; in the second the container type is des- 
ignated in accordance with the designations of Table II, Part I; in 
the third the temperature is given and the thermometer designated, 
while the fourth column contains the measurements corrected to give 
the pressure (in International Atmospheres)* of saturated vapor at the 
contact of the liquid phase within the container. Under each group 
of data p,, designates the arithmetical average of the group of ob- 


* The International atmosphere is defined as the pressure exerted by 4 
column of mercury 76 em. in length at 0° (density of mereury 13.5951) subject 

to gravitational acceleration of 980.665 em. ‘sec.’. 
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servations while P..:. denotes the pressure computed by means of an 
equation believed to reproduce with tolerable faithfulness our latest 
and most satisfactory measurements. The number following At is 
the magnitude of the temperature difference which corresponds to the 
difference in pressure Pm — Peale: 

Each datum represents the mean of several independent readings 
or settings of the pressure gauge and corresponding readings of the 
temperature deduced from the resistance thermometer bridge. No 
two readings moreover, at any temperature, correspond to the same 
ratio of liquid to vapor within the container and in many instances, 
particularly when No. 3 B container was used, withdrawals of water 
were made without causing any change in the vapor pressure. 

The difference between the pressures P-aic and Pm in the first series 
is relatively large, particularly at the higher temperatures where p» 
is consistently greater than p, beginning with 300°. Below 300° the 
differences are consistently lower. All the No. 1 series of measure- 
ments were made in the nickel container No. 1 or the spherical ma- 
chinery steel container No. 2 where the water was confined with 
mercury.* Moreover, a considerable number of the measurements 
were made before the regulation of the bath was improved in 1926. 

The measurements in series 2 were all carried out in the cylindrical 
18 chromium-8 nickel or Norosta steel container No. 1 B during the 
course of the measurement of the liquid and vapor phase volumes. 
In this series the accord of the p» values with p,ai-c is much more satis- 
factory than in series | and the average deviation expressed as Af is 
0.0099°. There is, moreover, no particularly consistent drift of p» 
relative to Deate- 

Series 3 are the final measurements made in the special apparatus 
using container No. 3 B of Nirosta steel. These values of the vapor 
pressures, together with similar data of Series 2, were computed to 
average values and used as a basis for determining the constants of a 
smoothing function of the form log p = f(7'). The averaging of the 
two series was carried out in the following way. The average value of 
the vapor pressure in series 2 was used as a single datum and averaged 
with the measurements at each corresponding temperature of the 
series 3. This procedure was adopted because of the fact that the 
liquid columns in the series 2 measurements involved three liquids and 
was less simple compared with the series 3 measurements. The 


* Correction was made for the vapor pressure of the mercury taking account 
of the Poynting effect. 
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averaging procedure adopted evidently amounts to weighting in favor 
of the series 3 measurements. 

A large number of empirical functions to relate the pressure to the 
temperature were tested and the form selected was as follows where x 
stands for (7. — 7); p., 7: representing the critical pressure and 
temperature. 


& 


De at be + + eat (1) 
g10 = — 
p l dx 


Pe = 218.167 Int. atm.; log p, = 2.3387890; T. = (374.11 + 273.16), 
a = 3.3463130, b = 4.14113 X 107, ¢ = 7.515484 XK 107°, 
3794481 107°, = 6.56444 & 107". 


| 


The constants a, b, c, d, and e were determined using the least 
square procedure and employing the 27 values of the averaged satura- 
tion pressures listed in column 2 of ‘Table 4. The values of the satura- 
tion pressure of water at 110, 120, 130 and 140 as given in the 
International Critical Tables based on the Reichsanstalt values were 
also included in the least square computing of the constants. The 
value of the vapor pressure at 100° namely one International atmos- 
phere, was moreover heavily weighted and is exactly given by the 
formula using the constants tabulated. In Table 4 there will be 
found a compilation of pressures extending from 100° to the critical 
temperature for each ten degrees wherein the observed values of the 
vapor pressures by Egerton and Callendar, by Osborne, Stimson, 
Fiock and Ginnings, and by the writers are listed together with cor- 
responding values computed with the smoothing functions proposed 
by the two later groups of investigators. Differences between the 
results of the three investigations have been listed in columns 7 to 11 
and finally the values of dp/d7' as computed from the differentiated 
smoothing equations used by the Bureau of Standards group and the 
Massachusetts Institute of Technology group. 

The differences in the pressures at corresponding temperatures are 
on the whole small. ‘The differences between the results obtained at 
the Bureau of Standards by Osborne, Stimson, Fiock and Ginnings 
and by the authors (pws. B.S. — pos. M. 1. 'T.) tend on average to be 
smaller (mean p,, is 0.01043 atm.) than the average of the differences 
between Egerton and Callendar’s results and the authors’ observed 
pressures (i is 0.01953 atm.). The similar average differences for the 
Osborne, Stimson, Fiock and Ginnings observed pressures and the 
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Egerton and Callendar observed pressures is 0.01794 atm. The 
average value of the differences between the authors observed results 
and the pressures computed with equation 1 amounts to 0.00376 atm. 
while the similar average of the differences for the Osborne, Stimson, 
Fiock and Ginnings’ observed and computed pressures is 0.00219 atm. 
or about 42 percent smaller. The average differences for the computed 
Osborne, Stimson, Fiock and Ginnings pressures and the authors’ 
computed pressures is 0.01327 atm. or somewhat greater than the 
average of the differences (0.01043 atm.) between the observed pres- 
sures. The bulk of the data for all three investigations are in agree- 
ment to substantially 4 parts per 10,000; the Osborne, Stimson, Fiock 
and Ginnings’ and the authors’ results to roughly 2 parts per 10,000. 

A comparison of the three independent investigations on the basis 
of the differences of temperature corresponding to the pressure differ- 
ences proves interesting. The data can be readily computed from the 
values of dp/dT and it is found that At,,, the arithmetic mean of the 
differences, for the Egerton and Callendar results relative to the 
authors’ observed results is 0.01675° C. The similar difference in the 
case of the authors’ observed pressures and those of Osborne, Stimson, 
Fiock and Ginnings is 0.00973° C. The mean of the temperature 
differences for the smoothed or computed pressures given by the two 
American groups of investigators is 0.00823° C. Figure 1 has been 
prepared by referring the experimental results of the present work, of 
the Reichsanstalt, of Egerton and Callendar, and of Osborne, Stimson, 
Fiock and Ginnings to the vapor pressures as computed from Equa- 
tion 1. A line representing the smoothed values computed by the two 
equations used by Osborne, Stimson, Fiock and Ginnings is also in- 
cluded. It will be observed that the great bulk of all observations 
lie within a range of pressure corresponding to + 0.02° C. 

Table 5 gives the pressures for each degree centigrade from 100° 
to 374° computed by means of equation 1. | 


THe CriricaL TEMPERATURE AND CRITICAL PRESSURE. 

It will be observed that formula 1 contains the critical pressure and 
the critical temperature. ‘The value for the former quantity 218.167 
Int. Atm. was obtained through a graphical investigation of the rela- 
tion between pressure and temperature in the critical region using 
374.11° C as the critical temperature. The latter value was selected 
on the basis of observations of pressure and volumnometer settings 
(the latter are proportional to the volumes of water in the container) 
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along isothermals below and above 374. The graph of the data is 
identical with the figure 3 (p. 966) of L. Holborn and A. Baumann’s'® 
paper of 1910 which lead to the selection of 374° C as the critical 
temperature.* 

Our isotherms are remarkably similar to the isotherms obtained by 
the authors of the above paper, but we are led to conclude that the 
critical isotherm is slightly higher, 374.11° C. We doubt that the latter 
value is exact to better than 0.1° because of insensitiveness inherent 
in the method. The true value may be slightly higher than the latter 
temperature but our experience to date indicates that it is certainly 
not lower. The critical values 218.167 Int. atm. and 374.11° C may 
be regarded as consistent but probably not final. 

The choice of a formula relating the pressure to the temperature 
wherein a certain pressure and temperature, p. = 218.167 and t. = 
374.11, enter in such a manner that all lower values of the saturation 
pressure and temperature must lie on a curve passing through p,, t, 
may be undesirable. However, no distortion of the values below p- 
and ¢, will result if p, and ¢, are really consistent with the lower values 
or lie on a smooth curve with the latter. Pains were accordingly 
taken to determine p, with care by graphical means using all available 
data below the selected temperature 374.11°. The constant p, could 
of course have been left to play the role of an undetermined constant 
but the additional labor involved in carrying out the least square com- 
putation did not appear warranted until additional information 
relative to the critical temperature becomes available. 


THE CHANGE OF PRESSURE WITH TEMPERATURE. 


Exact values of dp/dT are of great importance in making computa- 
tions involving comparisons between measured quantities and similar 
quantities based on deduction from the two principles of thermo- 
dynamics. The derivative may be obtained by differentiation of the 
smoothing function, or the pressures, smoothed by the method of ad- 
justed differences, may be submitted to computation, as for example 
by the very convenient method of Professor George Rutledge.® In 
Table 4, as already stated, the values in the next to the last column 
have been computed by the equation resulting from the differentiation 


 L.. Holborn and A. Baumann, Ann. der Phys. 31, 945 (1910). 

*The normal sulphur boiling point was taken at 445° C by Holborn and 
Baumann. Using 444.6° C the critical temperature would be about 0.3° 
lower or 373.7° C. 
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of equation 1. The values in the adjacent column are similar values 
computed by Osborne, Stimson, Fioch and Ginnings from their 
smoothing equation. The accord between the two sets of derivatives 
is excellent to 360° when consideration is given to the considerable 
difference in the forms of the smoothing function used in computing 
the values. 

At 360° the difference between the two computed derivatives 
amounts to 2.9 parts per 10,000 but the difference at 370° has changed 
sign and amounts to 27 parts per 10,000 while at 374° the difference has 
grown to 50 parts per 10,000. In Fig. 2 a graphical representation is 


PART PER 10.006 
L 

| 

J 

100 200 300 374.11 


TEMPERATURE °C. 
FIGURE 2. 


given wherein the values of dp/d7' from the U. S. Bureau of Standards 
equations is related to the derivatives computed from the differenti- 
ated Equation 1. The break in the curve occurs at the temperature 
where a shift is made from the low pressure equation of Osborne, 
Stimson, Fioch and Ginnings to the high pressure equation. 

Table 6 gives the values of dp/dT for each degree centigrade from 
100° to 374° computed by means of the differentiated equation based 
on equation 1. 


‘ 


THE SATURATION PreEssuRES BELOw 100° C. 

The experimental values of the vapor pressure of water below 100° 
are not believed to be in need of revision, ‘Thus if vapor pressures are 
computed by means of equation (1) at 90, 80, 70, 60, 50 degrees, it will 
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be found that values result which are in excellent agreement with the 
values given in the Reichsanstalt Wirmetabellen edition of 1916. 
Moreover using the data in the latter table for each 10° from 10° to 
100° for determining the constants of equation 2 by least square com- 
putation, it is found that the value of the pressures computed at 110, 
120, 130, 140, 150 degrees are in excellent accord with the Reichsan- 
stalt measurements at these temperatures and also the recent results 
by Osborne, Stimson, Fioch and Ginnings. In a word the values from 
10° to 90° are entirely consistent with the new measurements above 
100° and may be accepted with confidence. Table 7 gives the pres- 
sures for each five degrees, computed by equation (2), by equation (1) 
and derivatives computed by the respective smoothing equations. 
Vapor Pressure Equation for Water 10° to 150° C. 


logo 2 = | 2 
log pe = 2.3387890 for atm. 
= 5.2196026 for mm. 
a = 3.2437814 b = 5.86826 x 107° 
ce = 1.1702379 x 1078 d = 2.1878462 x 10° 


The computed value of the pressure at zero degrees (4.5893 mm.) 
differs considerably from the “observed”’ value (4.579 mm.). In fact, 
the same value (4.579 mm.) at zero degrees is given for both ice and 
water in the Warmetabellen. But this is impossible for the normal 
triple point of water is known to be 0.010°. The value measured at 
zero degrees was certainly 4.579 mm. as attested to by two separate 
investigations, but it must correspond either to sub-cooled liquid 
water or to ice. We believe it to be probably the vapor pressure of 
sub-cooled water at zero degrees. 

The computed pressures in Table 7 accord closely with the observed 
pressures except at 5° and 0°. The pressures are of course becoming so 
small that a precision of measurement of even 0.001 mm. amounts to 
2 parts per 10,000 at 0° but the difference between the observed and 
computed values (Equation 2) is 22 parts per 10,000; a difference far 
outside the precision attained by Kk. Scheel and W. Heuse.'® The only 
evident conclusion is that formula 2 is insuflicient to give precise 


6K. Scheel and W. Heuse, Ann. d. Phys. 3/, 715 (1910). 
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values of pressure below 10° notwithstanding the fidelity with which 
the formula reproduces the pressures above 10°. Figure 3 gives the 
differences in parts per ten thousand between the computed (formula 
2) and measured values of the pressure. 

In the report on the steam research for December 1929 several 
smoothing formulas were given for the range of vapor pressures from 
the ice point to the critical pressure.!7 Equation (5) reproduces the 
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experimental values from zero degrees to 100° with fidelity and is 
much superior to equation (2) for the range 0 to 10°. The equation is 


as follows: 
logio p = 2.3395111 — (aos + . 2?) (5) 


x = 374.11 — ¢; ay = 3.4763; T = 273.13 + #°C. 


10°. = — 4.494947 + 2.000419 - 107%" — 3.593284 & 1072? 
+ 3.148572 - 


‘7 Mech. Eng. 42, 125 (1930). 
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The derivative at 0° computed from the differentiated equation 
based on (5) is 0.00043816 I. A. as compared with 0.00043806 deduced 
from the differentiated equation (2). The pressures at 0° are for (5) 
4.5798 mm. and for (2) 4.5893 mm. while the experimental value is 
4.5790. 

THE NorMAL BorLinc TEMPERATURE OF WATER. 


The most satisfactory mode of using water to establish the 100° 
reference temperature is undoubtedly to boil the substance in an 
apparatus whereby the pressure can be kept constantly at 76 cm. 
The apparatus for the purpose is, however, expensive and exits in few 
laboratories at present. The common practice of conducting the 
calibration of thermometers by boiling at the prevailing atmospheric 
pressure requires a knowledge of the dependence of the boiling tem- 
perature upon the pressure. Using Equations (1) and (2) the follow- 
ing formula has been devised, valid from 96° to 103°, whereby suitable 
corrections can be computed to reduce the observations on the boiling 
temperature of water at any pressure p to the normal at 760 mm. 
The pressure p entering the formula implicitly must be corrected to 
standard gravity 980.665 dynes and the usual corrections for temper- 
ture applied to the barometer. The formula follows: 


At = 0.0368535Ap — 2.0084 X 10-Ap? + 1.714 X 10-8Ap' 
Ap = (Deorr- bar» — 760) mm. 


TABLE 8. 

At Ap Alcate 
—4 — 102.310 —3.99906 
—77.873 —2.99978 
—2 — 52.688 — 2.00000 
—1 — 26.736 — 1.00000 

0 0 0. 00000 
+1 27.538 1.00000 

2 55.897 2.00024 
+5 85.095 3.00118 


The Table 8 indicates that the formula which is consistent with the 
best present knowledge of the properties of water based on the Inter- 
national Temperature Scale is reliable to better than 0.001° C for 
several degrees above and below the fixed point 100°. 

The authors acknowledge with much pleasure the codperation of Dr. 
Robert 5. Taylor, who contributed effectively in the work of assem- 
bling and perfecting the functioning of the steam apparatus during the 
arly stages of the investigation. 
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Date 
7/15/29 


12/30/24 


1/29/25 
1/29/25 
11 /4 /29 
7/15/29 


1/2/25 

1/2/25 

1/20/25 
11/4/29 
7/12/29 
7/13/29 
7/15/29 


1/21/25 
1/21/25 
11/4/29 
7/12/29 


1/27/25 
1/27/25 


10/14/29 


11/4/29 
7/11/29 


1/28/25 
4/18/25 
4/21/25 
4/21/25 
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TABLE 1. 


Series I—SATURATION PRESSURES OF WATER IN INT. ATM. 


Container Temp. °C. 
No. 2 150 4BS 
No. 1 160 1 
No. 1 160 1 
No. 1 160 1 
No. 2 160 4BS 
No. 2 160 4BS 
Pmean 
Peale 
No. 1 170 1 
No. 1 170 1 
No. 1 170 1 
No. 2 170 4BS 
No. 2 170 4BS 
No. 2 170 4BS 
No. 2 170 4BS 
Pmean 
Peale 
No. 1 180 1 
No. 1 180 1 
No. 2 180 4BS 
No. 2 180 4 BS 
Pmean 
Peale 
No. 1 190 1 
No. | 190 1 
No. 2 190 4 BS 
No. 2 190 4 BS 
No. 2 190 4 BS 
No. 2 190 4 BS 
Pmean 
Peale 
No. 1 200 1 
No. 1 200 1 
No. 1 200 1 
No. 1 200 1 


Press. (Int. Atm.) 


4.705 


4.6983 At +0.053° 


6.103 
6.097 
6.098 
6.095 
6.122 
6.1030 
6.1007 


7.834 
7.817 
7.813 
7.807 
7.817 
7.830 
7.823 
7.8201 
7.8180 


9.890 
9.908 
9.877 
9.900 
9.8938 
9.8975 


12.374 
12.385 
12.373 
12.387 


12.395 


12.3818 


At +0.015°° 


At +0.011° 


At —0.016° 


At —0.029° 
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7/12/29 

12.3397 

15.331 

15.337 
15.351 

15.321 
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4/22/25 
5/7/25 
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10/14/29 


7/11/29 


4/23/25 
4/23/25 
4/23/25 


10/18/29 


7/11/29 


4/23/25 
4/24/25 
4/24/25 
7/11/29 
816/29 
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27/25 
27/25 
9 29 


(10/29 
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TABLE 1—Continued 


Container Temp. °C. 
No. 1 200 1 
No. 1 200 1 
No. 1 200 1 
No. 1 200 1 
No. 1 200 1 
No. 1 200 1 
No. 1 200 1 
No. 1 200 1 
No. 2 200 4BS 
No. 2 200 4BS 
No. 1 210 1 
No. 1 210 1 
No. 1 210 1 
No. 2 210 4BS 
No. 2 210 4BS 
No. 1 220 1 
No. 1 220 1 
No. 1 220 1 
No. 2 220 4 BS 
No. 2 220 4 BS 
No. 1 230 1 
No. 1 230 1 
No. 1 230 1 
No. 2 230 4 BS 
No. 2 230 4 BS 
No. 1 240 1 
No. 1 240 1 
No. 1 240 1 
No. 2 240 4 BS 
No. 2 


Press. (Int. Atm.) 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Pea le 


15.341 
15.344 
15.324 
15.356 
15.343 
15.327 
15.343 
15.316 
15.360 
15.353 
15.3391 
15.3486 


18.816 
18.816 
18.823 
18.820 
18.834 
18.8218 
18.8314 


22.890 
22.887 
22.892 
22.898 
22.895 
22.8924 
22.8983 


be bo 


ty 


bo 


bho bo bo 


33.002 
33. 009 
33.008 
33.021 
32.989 


At —0.030° 
At —0.025° 
At 0.013° 
At —0.026° 
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Date 
7/16/29 
7/17/29 
7/23/29 


4/28/25 
4/28/25 
4/28/25 
1 29/30 
1/29/30 


4/29/25 
4/29/25 
2/1/30 
2/2/30 
4/29/25 


4/29/25 
4/30/25 
4/29/25 


4/30/25 
8/1/25 
5/1/25 


5/4/25 
5/4/25 
5/4/25 


7/9/25 
7/9/25 


Container 
No. 
No. 
No. 


DON — 


2 
2 
2 


No. 1 


No. 
No. 


No. 
No. 
No. 


No. 
No. 
No. 


No. 
No. 


— 
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TABLE 1—Continued 


Temp. °C. 


240 4 BS 
240 4 BS 
240 4 BS 
250 1 
250 1 
250 1 
250 4 BS 
250 4 BS 
260 1 
260 1 
260 4 BS 
260 4 BS 
260 1 
270 1 
270 1 
270 1 
280 1 
280 1 
280 1 
290 1 
290 | 
2901 
300 2 
300 2 


Press. (Int. Atm.) 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


32.997 
33.031 
33.035 
33.0115 
33.0412 


39.228 
39.230 
29.233 
39.228 
39.232 
39. 2302 
39.2536 


46.309 
46.313 
46. 292 
46.279 
46.303 
46.2992 
46.3252 


04.305 
04.315 
54.317 
54.3123 
54.5269 


63.314 
63.296 
63.326 


73.4293 
75.4661 


At —0.051° 


At —0.035° 


At —0.032° 


At —0.017° 


At —0.035° 


At —0.054° 


O 
N 
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me (63.512 
63.3459 
73.439 
73.425 
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84.792 
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P 
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Date 
7/9/25 
9/2/25 
9/2/25 


9/8/25 
9/8/25 
9/8/25 
2/25/28 
2/27/28 
6/1/28 


7/13/25 
7/13/25 
7/13/25 
9/10/25 
9/10/25 
9/10/25 


2/27/28 


2 28 28 
2/28/28 
4/5/28 


7/15/25 
7/15/25 
7/15/25 
9/18/25 
9/18/25 


10/21/26 
10/21/26 


2/28/28 


Container 


No. 
No. 
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TABLE 1—Continued 


Temp. °C. 
300 2 
300 2 
300 2 
310 2 
310 2 
310 2 
310 4 BS 
310 4BS 
310 4 BS 
320 2 
320 2 
320 2 
320 2 
320 2 
320 2 
320 4 BS 
330 4 BS 
330 4 BS 
330 4 BS 
340 2 
340 2 
340 2 
340 2 
340 2 
340 4 BS 
340 4 BS 
340 4 BS 


Press. (Int. Atm.) 


Pmean 
Peale 


Pmean 


Peale 


Pmean 


Peale 


Pm ean 


Peale 


Pmean 


Pea le 


84.803 
84.788 
84.791 


84.7984 
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84.7794 At +0.016° 


97.407 
97.416 
97.420 
97.446 
97.450 
97.426 


97.4275 


97.3854 At +0.032° 


111.577 


111.566 


111.3058 
111.450 
111.446 
111.448 
111.467 


111.4653 
111.3934 


127.010 
126.9950 
126.9265 


144.382 
144.383 
144.373 
144. 296 
144.298 
144.312 
144.333 


144.191 
144.3210 


At +0.049° 


At +0.042° 


144.1278 At +0.107° 
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q 
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Date 


6/9/26 
6/9/26 
6/9/26 
6/9/26 
6/30/26 
6/30/26 
6/30/26 
10/20/26 
10/20/26 
10/20/26 
10/20/26 


9/23/25 
9/23/25 


6/11/26 
6/11/26 
6/11/26 
6/29/26 
6/29/26 
10/21/26 
10/21/26 
10/21/26 
4/5/27 
4/5/27 


6/14/26 
6/ 14/26 


6/15/26 
6/15/26 
6/16/26 


Container 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 


No. 
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TABLE 1—Continued 


Dmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Press. (Int. Atm.) 


163.357 
163.356 
163 . 366 
163.373 
163.322 
163.327 
163.329 
163.381 
163.383 
163.414 
163.213 
163.3474 
163.1704 


173.638 
173.643 
173.6405 
173.4485 


184.469 
184.478 
184.498 
184.446 
184. 447 
184.387 
184.410 
184.411 
184. 362 
184.355 
184. 4263 
184.2744 


195.763 
195.829 
195.7960 
195.6895 


207 .855 
207 . 845 
207 . 924 
207.8747 
207.7414 


At +0.088° 


At +0.091° 


At +0.068° 


At +0.045° 


At +0.054° 
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Temp. °C. 
350 4 BS 
350 4 BS 
350 4 BS 
350 4 BS 
350 4 BS 
350 4 BS 
350 4 BS 
350 4 BS 
350 4 BS 
350 4 BS 
350 4 BS 
; 
| 
| No. 1 355 2 
No 360 4 BS 
No 360 4BS | 
No 360 4 BS 
No 360 4BS 
No 360 4 BS 
No 360 4 BS 
No 360 4 BS 
; No 360 4 BS 
No 360 4 BS 
: No. I 365 4 BS 
No. 1 365 4 BS 
No. 1 370 4 BS 
No. 1 370 4 BS 
No. 1 370 4 BS 
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TABLE 1—Continued 


159 


Date Container Temp. °C. Press. (Int. Atm.) 
6/21/26 No. 1 371 4BS 210.361 
6/21/26 No. 1 371 4BS 210.353 
6/21/26 No. l 371 4BS 210.346 
6/21/26 No. 1 371 4 BS 210.343 
6/22/26 No. 1 371 4BS 210.350 
Pmean 210.3506 
Peate 210.2332 At +0.047° 
6/23/26 No. 1 372 4BS 212.878 
6/23/26 No. 1 372 4BS 212.884 
6/23/26 No. 1 372 4BS 212.886 
Pmean 212.8827 
Peate 212.7535 At +0.051° 
6/25/26 No. 1 373 4BS 215.491 
6/25/26 No. 1 373 4BS 215.479 
6/25/26 No. 1 373 4BS 215.529 
Pmean 215.4997 
Peate 215.3027 At +0.077° 
6/28/26 No. 1 374 4 BS 218.191 
6/28/26 No. 1 374 4BS 218.211 
6/28/26 No. 1 374 4BS 218.191 
7/9/26 No. 1 374 4BS 218.142 
7/9/26 No. 1 374 4BS 218.170 
7/9/26 No. 1 374 4BS 218.209 
7/10/26 No. 1 374 4BS 218.165 
7/10/26 No. 1 374 4BS 218.243 
7/10/26 No. 1 374 4BS 218.236 
Pmean 218. 1953 
Peate 217.8815 At +0.121° 
TABLE 2. 
Series [I—SATURATION PRESSURES OF WATER IN INT. ATM. 
Date Container Temp. °C. Press. (Int. Atm.) 
5/11/32 No. 1 B 200 4 BS 15.340 
5/11/32 No. 1B 200 4 BS 15.339 
5/12/32 No. 1 B 200 4 BS 15.340 
5/13/32 No. 1 B 200 4 BS 15.338 
5/13/32 No. 1 B 200 4 BS 15.342 


Pmean 15.3398 


Peate 15.3486 At —0.027° 
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Date 
5/13/32 
5/16/32 
5/16/32 


5/16/32 


5/16/32 
5/17/32 


5/17/32 


5/17/32 


5/17/32 


5/18/32 
5/18/32 


5/18/32 


5/18/32 


5/18/32 
5/18/32 


Container 


No. 
No. 
No. 
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.1B 
.1B 


.1B 


.1B 
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TABLE 2—Continued 
Temp. °C. 


260 
260 
260 


280 


300 
300 


310 


320 


330 


340 
340 


350 


360 


370 
370 


4 BS 
4 BS 
4 BS 


4 BS 


4 BS 


4 BS 
4 BS 


4 BS 


4 BS 


4 BS 
4 BS 


Press. (Int. Atm.) 


Pp mean 


Peale 


Peale 


Pmean 


Peale 


Peale 


Peale 


Peale 


Pmean 


Peale 


Peale 


Peale 


Pmean 


Peale 


46.316 
46.312 
46.316 
46.3147 
46.3232 


63.330 
63.3459 


84.767 
84.765 
84.7660 
84.7794 


97.395 
97 . 3854 


111. 
111. 


126. 
126. 


144. 
144. 
144. 
144. 


163. 
163. 


184. 
184. 


207. 


207 
207 
207 


402 
3934 


938 
9265 


146 
145 
1455 
1278 


165 
1704 


262 
2744 


757 
. 7520 


At —0.011° 


At —0.017° 


At —0.011° 


At +0.007° 


Ai +0.006° 


At +0.007° 


At +0.010° 


At —0.003° 


Ait —0.006° 


At +0.004° 


% 
A 
] 6 
1B 
No. 1 B 
+ oO. 
No. 1B 4 BS 
0. 
No. 1 B 4 BS 
Noi 4BS 
sNO 
‘ No 
| No 
Oo 
No 
oO. 
ail 


Date 


7/30/32 
8/1/32 


7/30/32 
8/1/32 
8/2/32 


7/29/32 
7/30/32 
8/2/32 


7/29/32 


8/1/32 


8/1/32 


7/29/32 
8/1/32 


7/11/32 
7/14/32 
7/14/32 
7/14/32 
7/18/32 
7/26/32 
7/27/32 
7/29/32 


7/18/32 
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Container 


No. 3 B 
No. 3 B 


No. 3B 
No. 3 B 
No. 3 B 


No. 3 B 
No. 3 B 
No. 3 B 


No. 3B 
No. 3 B 
No. 3 B 


No. 3 B 
No. 3 B 


No. 3 B 


TABLE 3. 


Temp. °C. 


150 
150 


180 
180 


4 BS 
4 BS 


4 BS 
4 BS 


4 BS 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


4.6966 
4.6968 
4.6967 
4.6983 


1021 
1038 
1038 
1032 
1007 


Pr 


8170 
8182 
8169 
8174 
8180 


9.8953 
9.8979 
9.8945 
9.8959 
9.8975 


12.3887 
12.3909 
12.3898 
12.3897 


15.365 
15.352 
15.355 
15.354 
15.352 
15.351 
15.353 
15.3484 
15.3538 
15.3486 


18.834 
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Series LII—SaTURATION PRESSURES OF WATER IN INT. ATM. 


Press. (Int. Atm.) 


At —0.013° 


At +0.016° 


At —0.003° 


At —0.007° 


At 0.000° 


At +0.016° 


160 4BS oe 
170 4BS ae 
170 4BS 
BS 
4 
4 
190 
190 
oO. 
N 4 
No. 3 B 200 4 BS 
No. 3 B 200 4 BS 
° 
No 
No.3B 200 4BS 
INO. 
No. 3 B 200 4 BS 
INO, « 
No. 3 B 200 4 BS 
9 
1 0 
Ad 
fa 


Date 
7/26/32 


7/18/32 
7/26/32 


7/26/32 


7/18/32 
7/19/32 
7/26/32 


7/19/32 
7/26/32 


7/19/32 
7/25/32 


7/19/32 
7/25/32 


7/19/32 
7/25/32 


7/20/32 
7/25/32 


Container 


No. 3B 


No. 3 B 
No. 3 B 


No. 3 B 
No. 3 B 


No. 3 B 
No. 3 B 


No. 3 B 
No. 3 B 


No. 3 B 
No. 3 B 


SMITH, KEYES AND GERRY 


TABLE 3—Continued 
Temp. °C. 


210 


220 
220 


230 


240 
240 
240 


250 
250 


260 
260 


270 
270 


280 
280 


290 
290 


4 BS 


4 BS 
4 BS 


4 BS 


4 BS 


4BS> 


4 BS 


4 BS 
4 BS 


4 BS 
4 BS 


4 BS 
4 BS 


4 BS 
4 BS 


Press. (Int. Atm.) 


Pmean 


Peale 


Pmean 


Peale 


Peale 


Pm ean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


18.829 
18.8315 
18.8314 


22.902 
22. 892 
22.8970 
22.8983 


27.608 
27.6117 


33.059 
33.040 
33.035 
33.0447 
33.0412 


39.256 
39.255 
39.2555 
39.2536 


46.323 
46.329 
46.3260 
46.3232 


54.321 
54.327 
54.3240 
54.3269 


63.344 
63.354 
63.3490 
63.3459 


73.455 
73.467 
73.4610 
.4661 


At 0.000° 


At —0.003° 


At —0.007° 


At +0.006° 


At +0.003° 


At +0.004° 


At —0.003° 


At +0.003° 


N 
N 
NO 
N 
6) 
N 
4 
; 
S 
4 
S 
le 
t 
° 5° 
5 
By 
fay 
lip} 


Date 
7/20/32 
7/25/32 


7/20/32 
7/25/32 


7/20/32 
7/25/32 


7/20/32 
7/23/32 


7/20/32 
7/23/32 


7/21/32 
7/22/32 


7/21/32 
7/22/32 


¢/22/32 
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Container 


No. 3B 
No. 3B 


No. 3 B 
No. 3B 


No.3 B 
No. 3 B 


No. 3B 
No. 3 B 


No. 3 B 
No. 3 B 


No. 3 B 
No. 3 B 


No. 3B 
No.3 B 


No. 3 B 


TABLE 3—Continued 
Temp. °C. 


300 
300 


310 
310 


320 
320 


330 
330 


340 
340 


350 
350 


360 


370 


4 BS 
4 BS 


4 BS 
4 BS 


4 BS 
4 BS 


4 BS 
4 BS 


4 Bs 
4 BS 


4 BS 
4 BS 


4 BS 


Press. (Int. Atm.) 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Pmean 


Peale 


Peale 


84.779 
84.783 
84.7810 
84.7794 


97.381 
97.391 
97.3860 
97.3854 


111.402 
111.401 
111.4015 
111.3934 


126.934 
126. 946 
126.9400 
126. 9265 


144.131 
144.142 
144.1365 
144.1278 


163.159 
163.168 
163.1635 
163.1704 


184.254 
184. 263 
184.2585 
184.2744 


207.721 
207.7414 


163 


At +0.001° 
At 0.000° 
At +0.005° 
At +0.008° 
At +0.005° 
At —0.003° 


At —0.007° 


At —0.008° 


| 
360 
WE 
‘ 
+4 


De = 218.167 atm. Int. 


M. I. T. Equation 


De 


log — 
p 


TABLE 4 
COMPARISON OF VAPOR PRESSURE MEASUREMENTS 


+ + er 


T 


SMITH, KEYES AND GERRY 


log Pc = 2.3387890 


1+ dz 


r=t.-t 


] 


te = 374.11 


T=t + 273.16 a= 3.3463130 b = .0414113 c = .007515484 x 1076 
d = .013794481 e = .00656444 x 107% 
100 1.000000 
110 1.4139* 1.41395 1.4143 1.4138 
120 | 1.9595* 1.95954 1.9598 1.9593 
130 | 2. 6662* 2.66616 2.6658 2.6658 
140 3. 5669* 3.56683 3.5661 3.5664 
150 4.6967 4.69826 4.6969 4.6977 
160 6.1032 6.10071 6.0998 6.1000 
170 7.8174 7.81802 7.8178 7.8171 7.8246 
180 9.8959 9.89745 9.8958 9. 8962 9.9086 
190 12.3898 12.3897 12.3887 12.3881 12.400 
200 15.352 15.3486 15.3472 15.3468 15.355 
210 18.832 18.8314 18.8300 18.8296 18.835 
220 | 22.897 22.8983 22.8964 22.8969 22.903 
230 | 27.608 27.6127 27.6117 27.6122 27.621 
240 | 33.044 33.0412 33.0416 33.0421 33.048 
250 | 39.256 39.2536 39.2566 39.2563 39.252 
260 46.322 46.3232 46.3286 46.3280 46.325 
270 | 54.324 54.3269 54.3333 54.3339 54.345 
280 63.343 63.3459 63.3558 63.3524 63.366 
290 | 73.461 73.4661 73.4779 73.4723 73.471 
300 «84.776 84.7794 84.7969 84.7881 84.782 
310 97 .3854 97.4062 97.4015 97.414 
320 411.402 111.3934 111.418 111.420 111.436 
330 | 126.939 126.9265 126.960 126.964 126.946 
340 _ 144.139 144.1278 144.167 144.168 144.152 
350 163.164 163.1704 163.205 163.200 163.224 
360 | 184.260 184.2744 184.297 184.290 184.299 
370 | 207 . 737 207.7414 207.771 207.781 207 . 839 
372 212.7535 212.795 212.808 212.883 
374 217.8815 217.985 217.958 218.048 
374.11 218.167 


. Value used for M. I. T. 


= 
* 
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2 
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TABLE 4—Continued 
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100 035703 .03569 
110 — .00005* | + .0005- 0004* | —.00015 .047517 .04750 
120 — .00004* | + .0005 | + .0003* | —.00024 .062090 .06208 
130 + .00004* .0000 0004* | —.00036 .O79784 .O7978 
140 + .00007* | —.0003 | —.0008* | —.00043 . 100964 . 10095 
150 — .00156 — .0008 -| + .0002 — .00056 . 125993 . 12598 
160 + .00249 — .0002 | —.0034 — .00071 . 155228 .15521 
170 — .00062 + .0007 | + .0004 — .00092 | + .0072 .189021 . 18899 
180 — .00155 — .0004 | —.0001 — .00125 | + .0127 . 227711 . 22768 
190 + .0001 +.0006 | —.0011 — .0016 + .0102 . 271632 .27161 
200 + .0034 + .0004 | —.0048 —.0018 + .003 .321106 .32110 
210 + .0006 + .0004 | —.0020 — .0018 + .003 .37645 .37647 
220 — .0013 —.0005 | —.0006 — .0014 + .006 .43798 .43805 
230 — .0047 — .0005 | + .0037 —.0005 |+.013 . 50601 .5061 
240 + .0028 — .0005 | —.0024 + .0009 + .004 . 58086 .5810 
250 + .0024 + .0003 | + .0006 + .0027 — .004 .66285 . 6630 
260 — .0012 + .0006 | + .0066 + .0048 + .003 . 75235 . 7524 
270 — .0029 — .0006 | + .0093 + .0070 + .021 84974 . 8496 
280 — .0029 + .0034 | + .0128 + .0065 + .023 .95548 
290 — .0051 + .0056 | + .0169 + .0062 + .010 1.07009 /|1.0701 
300 — .0034 + .0088 | + .0209 + .OOS7 + .006 1.19424 1.1947 
310 + .0036 + .0047 | + .0172 + .0161 + .025 1.32878 1.3297 
320 + .0O86 — .002 + .016 + .0266 + .034 1.47486 1.4760 
330 + .0125 — .004 + .021 + .0375 + .007 1.63413 1.6349 
340 + .O112 — .001 + .028 + .0402 + .013 1. 1. SOS6 
350 — .0064 + .005 + .041 + .0296 + .064 2.00315 2.0016 
360 — .0144 + .007 + .037 + .0156 + .039 2.22264 /|2.2220 
370 — .0077 — .010 + .034 + .0396 + .102 2.47786 (2.4846 
372 —.013 + .0545 2.53463 (2.5542 
374 .027 + .O767 2.59376 (2.6068 
374.11 

EK. & C. = Egerton & Callendar 
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SMITH, KEYES AND GERRY 


TABLE 7, 


VAPOR PRESSURE N INT. ATM. OF WATER BELOw 100°. | 


PC pm. pl A. pi. 

; dt dt dt 

Eq. 2 Eq. 2 Eq. 1 Eq. 2 Eq. 2 Kq. 1 

—15 1.4400 0.001895 
—10 2.1541 0.002834 
— § 3.1690 0.004170 

0* 4.5893 0.006039 0.3329 0.0004381 

5 6.5479 0.008616 0.4561 0.0006001 

10 9.2121 0.012121 0.6165 0.0008112 


15 12.7893 0.016828 0.8228 0.0010827 
20 17.5336 0.023070 1.0851 0.0014278 
25 23.7530 0.031254 1.4149 0.0018618 
30 31.8172 0.041865 1.8253 0.0024017 q 
35 42.1647 0.055480 2.3308 0.0030669 q 
40 55.311 0.072778 2.9479 0.0038788 
45 71.860 0.09455 3.6944 0.0048610 
50 92.503 0.12172 0.12165 4.5898 0.0060392 
55 118.041 0.15532 5.6555 0.0074414 
60 149.380 0.19655 0.19652 6.9141 0.0090975 
65 187.544 0.24677 8.3902 0.0110397 


70 233.687 0.30748 0.30748 10.1094 0.013302 


75 289.094 0.38039 12.099 0.015920 
80 399.175 0.46734 0.46736 14.388 0.018931 
85 433.512 0.57041 17.004 0.022374 


90 525.818 0.6919 0.6919 19.980 0.026290 0.026281 
95 633.968 0.8342 0.8342 23.347 0.030720 0.030718 
100 760.000 1.0000 1.0000 27.137 0.035706 0.035703 
105 906.095 1.1922 1.1922 31.382 0.041292 0.041288 
110 =1074.63 1.4140 1.4140 36.117 0.047522 0.047517 
120 1489.31 1.9596 1.9595 47.191 0.062093 0.062090 
130 2. 6662 2. 6662 60.631 0.079777 0.079784 
140 2710.7 3.5668 3.5668 76.712 0.10094 0.10096 

150 3570.3 4.6977 4.6983 95.707 0.12593 0.12599 


*Sub-cooled water, triple point 0.01° C. 
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